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Tackling Wicked Problems from the Australian Public Service 

Commission:

• Wicked problems have many interdependencies and are 

often multi-causal – there may be conflicting goals for those 

involved

• Attempts to address wicked problems often lead to 

unforeseen consequences – wicked problems exist in 

complex systems that exhibit unpredictable, emergent 

behavior

• Wicked problems are often not stable – understanding of the 

problem is constantly evolving

• Wicked problems usually have no clear solution – there is no 

right or wrong response, although there might be worse or 

better responses

• Wicked problems hardly ever sit conveniently within the 

responsibility of any one organization – these problems cross 

governance boundaries



MERS-CoVH7N9 influenza

H3N2v influenza

Humans as Sentinels of Emerging 

Zoonotic Disease Spread



Antimicrobial Resistance: Implications for the Food System

Comprehensive Reviews in Food Science and Food Safety
Volume 5, Issue 3, pages 71-137, 2 AUG 2006 DOI: 10.1111/j.1541-4337.2006.00004.x
http://onlinelibrary.wiley.com/doi/10.1111/j.1541-4337.2006.00004.x/full#f1

H

http://onlinelibrary.wiley.com/doi/10.1111/crfs.2006.5.issue-3/issuetoc
http://onlinelibrary.wiley.com/doi/10.1111/j.1541-4337.2006.00004.x/full




• No one discipline is trained to 

engage such complex public 

health problems

• No one agency or organization 

can control such problems 



CDC

USDA

Consumer

FDA

Industry

EPA

Frustration Poor cooperation





A One Health approach gains cooperation from all parties involved and employs 

public health, veterinary health, and environmental health approaches to bring 

balance to solving difficult public health problems 

One Health



“…Interdisciplinary research (in contrasts to multi-disciplinary research)…is 

more team-oriented, and its primary distinguishing features are a shared 

definition of the problem that permeates the total research process and a final 

product which blends the various contributions so that neither the identity 

nor the disciplinary background of the individual authors can be 

determined…. the research team jointly structures the problem and draws on 

appropriate tools and techniques from each of their fields, sometimes 

inventing new methods to cope with those questions which inevitably will 

cross disciplinary lines.”



Selection of Organizations that have Endorsed the One Health Initiative as of July 2015



Cheryl Stroud, DVM, PhD



Now nearly 2000 “One Health” citations in PUBMED as if 12/8/15



One Health Research Publications

PUBMED search 9/19/15 for “One Health initiative” or “One Health approach” in abstract or title by year
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One Health Journals

Infection Ecology and Epidemiology The One Health Journal (Sweden) 

http://www.infectionecologyandepidemiology.net/index.php/iee

EcoHealth

http://www.springer.com/public+health/journal/10393

International Journal of One Health (India)

http://www.onehealthjournal.org/ 

One Health Official Journal of the One Health Foundation

http://www.journals.elsevier.com/one-health

Abstracted from http://www.onehealthinitiative.com/journals.php Aug 20, 2015

http://www.infectionecologyandepidemiology.net/index.php/iee
http://www.springer.com/public+health/journal/10393
http://www.onehealthjournal.org/
http://www.journals.elsevier.com/one-health
http://www.onehealthinitiative.com/journals.php Aug 20


One Health Conferences



Agencies which have funded or are planning to fund One 

Health research or training grants 

Gates Foundation

USAID EPT-2 Program ($300M)

World Bank

US Department of Defense Global Emerging Infections 

Surveillance

US State Department

US Department of Homeland Security

US Defense Threat Reduction Agency (STEP) ($120M)

US NIH National Institute of Allergy and Infectious Diseases

US NIH Fogarty International Center

UK Research Council

UK Department of International Development



• One Health postdoc 

Kunshan China (now x 2 yrs)

• One Health postdoc D43 

Ulaanbaatar, Mongolia (May 

2016 x 2 yrs)

• One Health Masters study 

coordinator Duke University 

(now)

• One Health Masters study 

coordinator Duke-NUS 

Singapore (now)

Are there Job Opportunities in One Health?



One Health Training



U. S. universities promoting 
One Health programs

By Mary Leigh Merrill, Univ. of Florida



One Health and Academic 

Institutions

• 51 academic institutions have 

some sort of a One Health 

program

• 9 institutions have certificate, 

masters, or PhD programs in 

One Health

From a WWW search Aug 2015



Universities Around the World with 

One Health Programs (as of June 2014)

By Mary Leigh Merrill, Univ. of Florida





One Health Training Program

4 graduate courses at Duke during May (3 wks)
An Introduction to One Health Problem Solving (2 credits)

Public Health Laboratory Techniques (1 credit)

An Introduction to Entomology Zoonotic Diseases & Food Safety (3 credits)

 Introduction to Environmental Health (3 credits)



2014 (33 sponsored students/13 non-sponsored)

2015 (12 sponsored students/1 non-sponsored)

Mongolia

China

Philippines

Indonesia

Malaysia
Cambodia

Thailand

Bangladesh

Nepal

Pakistan

Egypt

Iraq

Yemen

KenyaUganda

Rwanda

Tanzania

Cameroon

Nigeria

Benin

Morocco

Lebanon

Jordan

Brazil
Peru

Panama

Equador

United States

Certificate training programs 

2008-2015



One Health and Influenza



Influenza Viruses

Type A 
• Humans, domestic and wild animals

Type B
• Humans, pigs, seals

Type C
• Humans, pigs (mild disease in man)

Type D
• Cattle, pigs, goats, sheep, humans (mild 

disease in man)



From www.ultranet.com/~jkimball/BiologyPages/ F/FluVirion.gif

18 H types – types 1, 2, and 3 in man

11 N types – types 1 & 2 found in man





From http://vet.osu.edu/preventive-medicine/aieerp-background-information-animal-influenza



Found first evidence that camels may play a role in the 

ecology of equine influenza



Minimizing Novel Influenza 

Generation and Spread in Modern 

Agriculture is a Wicked Problem



Are the Influenza A currently reservoired

in animals zoonotic in nature

• Avian - Yes

• Swine - Yes

• Equine - Yes

• Canine – Not yet

• Marine mammal – Not yet



Swine Influenza



Family Farm



Swine 
confined 
animal 
feeding 

operations

(CAFOs); 
intensive 

swine farming
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Intensive Swine Production & SIV

• SIV is endemic where modern production 

facilities are common

• Risk factors for sow-herd SIV seropositivity - pigs 

density, an external source of breeding pigs, total 

animals on the site, and closeness of barns

• Risk factors for finisher-herd SIV positivity - SIV 

positive sows, large herd size, high pig farm 

density, and farrow-to-finish type of farm.

Influenza Other Respir Viruses. 2008 May;2(3):99-105

Can J Vet Res. 2008 Jan;72(1):7-17



Pigs may often be involved in novel influenza virus

generation



Amy L. Vincent, Wenjun Ma, Kelly M. Lager, Bruce H. Janke, and Jürgen A. Richt, Swine Influenza Viruses: A North 

American Perspective.  In Karl Maramorosch, Aaron J. Shatkin, and Frederick A. Murphy, editors: Advances in Virus 

Research, Vol. 72, Burlington: Academic Press, 2008, pp.127-154.



Studies of Swine-exposed Persons for 

Swine Influenza Infections

• Myers KP, Olsen CW, Setterquist SF, Capuano AW, Donham KJ, Thacker EL, Merchant JA, Gray GC. Are 
Swine Workers in the United States at Increased Risk of Infection with Zoonotic Influenza Virus?.Clin Infect 
Dis 2006:42:14-20. PMC1673212.

• Gray GC, McCarthy T, Capuano AW, Setterquist SF, Olsen CW, Alavanja MC, Lynch CF. Swine Workers and 
Swine Influenza Virus. Emerg Infect Dis 2007;13:1871-78. PMC2876739.

• Ramirez A, Capuano AW, Wellman DA, Lesher K, Setterquist SF, and Gray GC.  Preventing Zoonotic 
Influenza Virus Infection. Emerg Infect Dis. 2006;12:997-1000. 

• Coman A, Maftei DN, Krueger WS, Heil GL, Friary JA, Chereches RM, Șirlincan E, Bria P, Dragnea C, 
Kasler I, and Gray GC. Evidence for Subclinical Swine and Avian Influenza Virus Infections among 
Romanian Agricultural Workers, Infection and Public Health, 2013;6:438-47. PMID 23999337.

• Beaudoin A, Gramer M, Gray GC, Capuano A, Setterquist S, Bender J. Serologic survey of swine workers 
for exposure to H2N3 swine influenza A. Influenza and Other Respiratory Viruses 2010;4:163-70. 
PMC2859468

• Gray GC, Bender JB, Bridges CB, Daly RF, Krueger WS, Male MJ, Heil GL, Friary JA, Derby RB, and Cox 
NJ. Influenza  A(H1N1) pdm09 Virus among Healthy Swine Show Pigs, United States. Emerg Infect Dis, 
2012;18:1519-21. 

• Coman A, Maftei DN, Krueger WS, Heil GL, Chereches, RM, Șirlincan E, Bria P, Dragnea C, Kasler I, 
Valentine MA, Gray GC. A Prospective Study of Romanian Agriculture Workers for Zoonotic Influenza 
Infections PLoS One 2014; e98248. 

• Ma Mengmeng, Anderson BD, Wang Tao, Chen Yingan, Zhang Dingmei, Gray GC, Lu Jiahai. Serological 
Evidence and Risk Factors for Swine Influenza Infections among Chinese Swine Workers. PLOS One. May 
27;10(5):e0128479. doi: 10.1371/journal.pone.0128479. eCollection 2015.



Population-based Surveillance for Zoonotic 

Influenza A (NIAID R21)

• Design – 2-year prospective, 

controlled study of farmers who 

were occupationally exposed to 

swine or poultry (n=805); 29 

counties in Iowa

• Exposure questionnaires – at 

enrollment, 12-months, and 24 

months

• Specimen collection – Sera 

collection upon enrollment, at 12 

months and 24 months; viral 

specimens and questionnaire 

when ill  

• Gray GC, McCarthy T, Capuano AW, Setterquist SF, Olsen CF, Alavanja MC, Lynch CF. Swine 
Workers and Swine Influenza Virus Infections. Emerg Infect Dis 2007;13:1871-78



Table 3. Enrollment - analyses of risk factors using proportional odds model, university controls as 

reference.

Swine H1N1                      Swine H1N2                      

Adjusted 

OR (95% CI)

Adjusted 

OR (95% CI)

Swine exposure

AHS - worked in swine production

707 54.9 (13.0-232.6) 13.5 (6.1-29.7)

AHS - Never worked in swine production 80 28.2 (6.1-130.1) 6.9 (2.8-17.2)

Non AHS - Controls 79 reference reference

Age continuous 866 0.97(0.96-0.98) ---

Gender

Male 484 3.3(2.4-4.5) 3(2.2-4)

Female 382 reference reference

Received flu shot in the past 4 years

Yes 479 1.4(1.1-1.9) ---

No/Unsure 387 reference ---

Human H1N1 

Positive 347 --- 1.8(1.4-2.4)

Negative 519 --- reference

• Gray GC, McCarthy T, Capuano AW, Setterquist SF, Olsen CF, Alavanja MC, Lynch CF. Swine 
Workers and Swine Influenza Virus Infections. Emerg Infect Dis 2007;13:1871-78





Saenz RA, Hethcote HW, Gray GC. Confined animal feeding operations as amplifiers of 

influenza. Vector Borne Zoonotic Dis, 2006;6:338-46 .



Saenz RA, Hethcote HW, Gray GC. Confined animal feeding operations as amplifiers of 

influenza. Vector Borne Zoonotic Dis, 2006;6:338-46 .



Saenz RA, Hethcote HW, Gray GC. Confined animal feeding operations as amplifiers of 
influenza. Vector Borne Zoonotic Dis, 2006;6:338-46.





Nelson Plos Pathogens 2001;7 e1002077



H1N1 from 

North Carolina

H1N2 from 

Canada

H1N1.avi
H1N2.avi


Human influenza viruses may be introduced into modern

swine farms



Human influenza viruses may be introduced into modern

swine farms



Reports of reverse zoonoses are 

increasing and 43% are in livestock







pH1N1 in pigs by country

Generated from OIE data available from World Animal Health Information 

Database & sequences deposited in GenBank, August 2010…Courtesy of 

Dr. Amy Vincent of National Animal Disease Center, Ames, IA 





Since Aug 2011,345 human cases in 13 states as of Oct 2015



Pigs may have no signs of infection and still carry & 

aerosolize novel influenza



http://www.cdc.gov/flu/swineflu/h3n2v-case-count.htm
http://www.cdc.gov/flu/swineflu/h3n2v-case-count.htm




Passive and voluntary surveillance





Benefits of modern agriculture 

production

• Reduction in 

pig diseases

• Food safety

• Animal well-

being

• Lower costs



Modern Pig Farming has Reduced 

Many Severe or Overt Pig Diseases

• Led to elimination of a number of 

“foreign animal diseases” in US pigs.  

Example include swine fevers and foot-

and-mouth disease.

• Has reduced many swine zoonoses: 

brucellosis, trichinosis, leptospirosis, 

and cysticercosis.  

• Has controlled the spread of epidemic 

disease causing reduced growth and 

mortality in pigs: erysipelas, 

pseudorabies, and swine pox

 Physical barriers

 Rodent control

 Fly control

 Safe feed

 Safe water

 Isolate pigs from 

wild animals, stray 

domestic animals

 Vehicle control

 Visitor control



Modern Production Lowers 

Pork Costs

• Fewer 

workers

• Fewer pig 

losses

• More efficient 

use of feed

• Faster pig 

growth



Perhaps US Animal Production Biosecurity is Not as Good 
As We Once Thought



Swine Influenza

The message seems clear that swine 

influenza viruses (SIV)
• Frequently infect persons exposed to pigs

• Swine shows may accelerate transmission among 

both pigs and man

• Can be transmitted from humans-to-humans

• SIV may cause severe human disease 

• You cannot understand this problem by waiting for 

human cases of SIV to enter your hospital and 

studying the virus type

• The only way forward is a One Health research 

approach





Enrollment 
questionnaire & sera 
from 300 exposed 
and 100 nonexposed
workers (6 farms)

Annual serum 
sampling

Annual risk factor 
questionnaire

Weekly monitoring for 
ILI & influenza A

ILI questionnaire

ILI sera and swabs

Monthly rope swab 
sampling of 50 pigs

Sample various ages 
(sows, boars, and 
production pigs)

50 pens x 6 farms per 
month = 300 rope 
swabs per month

CAFO questionnaire

Multiple CAFOs in 
separate provinces

Monthly 
environmental 
studies of CAFO 
environment for 
influenza A

144 total aerosol, 
fecal, environmental 
swab, and water 
samples/per month

Zoonotic Swine Influenza Virus Transmission in 

Confined Animal Feeding Operations NIH R01AI108993 

Wu-Chun Cao (Beijing Institute of Microbiology & 

Epidemiology) and Gregory C. Gray



Aims: 1) to identify and characterize enzootic and emergent swine influenza viruses 

(SIVs), 2) to employ aerosol, fecal, environmental swabs, and water sampling to identify 

environmental areas with a high prevalence of SIVs, 3) to identify occupational risk factors 

for SIV infection, and 4) to identify serological and mucosal immunity biomarkers of 

protection against prevalent and emergent SIVs

NIH R01AI108993 (2014-2018) 
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2014: China

Rest of 
the world

China accounts for around ½ of the pork that will be 
produced and eaten around the world in 2014.2

China 54.7

E.U. 22.5

United States 10.8

Brazil 3.4

Russia 2.3

Vietnam 2.3

Canada 1.9

Philippines 1.4

Japan 1.3

Mexico 1.3

PORK PRODUCTION, 2014
Million metric tons, CWE

Source: U.S. Department of Agriculture, New York Times
Data for 2014 are projected.

1Hornby, L. (2012, September 10). Bigger Pig Farms Offer China a Way to Calm Pork Prices. The New York Times.
2Gough, N. (2014, April 10). In I.P.O., a Quest to Satisfy China’s Appetite for Pork. The New York Times.



China Daily, via Reuters, via the New York Times

From 2010-2012, China’s average hog prices 
were 1.65 times higher than US prices2

 Dependence on small farms for pig production
 High hog feed grain prices
 Reduced amounts of arable land for hog feed due to soil 

and water pollution and increasing urbanization rates2

1Hornby, L. (2012, September 10). Bigger Pig Farms Offer China a Way to Calm Pork Prices. The New York Times.
2Gough, N. (2014, April 10). In I.P.O., a Quest to Satisfy China’s Appetite for Pork. The New York Times.



In 2013, China’s Shanghui International (now WH Group), the largest pork company in the 
world, bought out America’s largest pork producer, Smithfield Foods, for $4.7 billion 
hoping to take advantage of  the US’s lower pork production costs.2

WH Group also hopes to improve its Chinese slaughtering plant utilization rates by 
studying Smithfield’s procedures. Last year, its Chinese plants were operating at only 72 
percent capacity, while the US based Smithfield plants were operating at 97 percent.

Large-scale farms with 3000 or more hogs 
account for only ~2.5% of China’s pig 
production, while large-scale farms account 
for ~83% of overall US production.1,2

In an effort to regulate food cost inflation, 
Chinese officials support the transition from 
backyard pig farms to huge industrial farms.1

Jianan Yu/Reuters, via the New York Times

1Hornby, L. (2012, September 10). Bigger Pig Farms Offer China a Way to Calm Pork Prices. The New York Times.
2Gough, N. (2014, April 10). In I.P.O., a Quest to Satisfy China’s Appetite for Pork. The New York Times.



Photo by G.C. Gray 2015

Poor Biosecurity in Confined Animal Feeding Operations



Photos by G.C. Gray 2015

Poor Biosecurity in Confined Animal Feeding Operations





Emergence and distribution of avian influenza viruses in China. Various colors depict different HA subtypes. The gold star 

indicates human infection with H7N9. The shaded regions represent the emergence of AIV cases in humans.  B. A schematic for 

the emergence of novel AIV in China. The eight bars, from top to bottom, represent the PB2, PB1, PA, HA, NP, NA, M, and NS 

gene segments.  Different colors represent different genetic origins.  From: Su S, Bi Y, Bi Y, Wong G, Gray GC, Gao GF, Li S. The 

epidemiology, evolution and recent outbreaks of avian influenza virus in China: A Review. J Virology 2015; in press



Swine Production Problem?

Human epidemic problem?

National security problem?



Environmental 
research

Industry 
research 

Consumer

Human medical 
research

Rural 
communities

Veterinary 
research

Partnerships in 

problem solving
Mutual benefits





Why should agriculture industries 

partner with other disciplines other 

than veterinary medicine to study 

agriculture problems like novel 

influenza virus emergence?



Which Way to the 
National Institute of 

Veterinary Medicine?



Estimated UC San Francisco College of Medicine vs. 

University of California Davis College of Veterinary 

Medicine Research Funding 2013
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New Technologies



How can we operationalize the One 

Health approach?







Duke One Health Research Network

Image created by Anastasia Lambrou


